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ABSTRACT
Plant- based dietary patterns (vegan and vegetarian) are 
often considered ‘healthy’ and have been associated with 
broad health benefits, including decreased risk of obesity 
and ill health (cardiovascular disease, blood glucose 
and type II diabetes). However, the association between 
plant- based diets and mood disorders such as depression 
remains largely equivocal. This cross- sectional study of 
219 adults aged 18–44 (M=31.22, SD=7.40) explored 
the associations between an estimate of overall plant- 
based diet quality and depression in vegans (n=165) and 
vegetarians (n=54). Overall plant- based diet quality was 
associated with depressive symptoms in vegans and 
vegetarians F(1, 215)=13.71, p<0.001 accounting for 
6% of the variation in depressive symptoms. For those 
without depression, higher diet quality was protective 
against depressive symptoms F(1, 125)=6.49, p=0.012. 
Conversely, for those with depression no association with 
diet quality was found F(1, 89)=0.01, p=0.963. These 
findings suggest that a high- quality plant- based diet may 
be protective against depressive symptoms in vegans 
and vegetarians. In line with emerging research between 
food and mental health, higher- quality dietary patterns are 
associated with a reduced risk of depressive symptoms. 
Given the rapidly increasing rate of vegan and vegetarian 
food products within Australia, understanding the potential 
mechanisms of effects through which a plant- based diet 
may influence depressive symptoms is required.
INTRODUCTION
Over 300 million people globally expe-
rience symptoms of depression.1 Mood 
disorders, including depression, are signif-
icant predictors of suicide and suicidal 
ideation and are responsible for over 
800 000 global suicide- related deaths per 
year.1 In Australia, 1 in 10 people (10.4%) 
report experiencing symptoms of depres-
sion. In younger adults, the prevalence 
rate of depression is higher at 13.9%, with 
suicide the leading cause of death for indi-
viduals aged 15–44.2 The most common 
treatments for depression are pharma-
cology and psychotherapy. However, 
approximately one- third of patients do not 
respond to conventional treatments and 
can develop treatment- resistant depres-
sion.3 Increasingly, lifestyle changes such 
as diet and exercise have been shown to 
impact symptoms of depression positively 
and could be both a cost- effective and 
modifiable adjunct treatment to current 
traditional treatment options.4
Both poor diet and mood disorders are 
known leading causes of morbidity and 
mortality.5 6 Diet quality is ‘The nutri-
tional adequacy of an individual’s dietary 
pattern and how closely this aligns with 
(Australian) national dietary guidelines’.7 
However, there is confusion surrounding 
the term ‘diet quality’ with minimal agree-
ment on a valid diet quality measurement.8 
Dietary patterns include the variety and 
quality of foods and beverages in a diet and 
the quantity and frequency they are habit-
ually consumed.9 Dietary patterns are most 
often evaluated based on their inclusion or 
exclusion of healthy and unhealthy foods 
and beverages. Healthy dietary patterns, 
including traditional and Mediterranean 
diets, are loosely defined as a healthy 
intake of fresh fruit, vegetables, nuts, 
seeds, legumes, whole grains, water, lean 
meats and dairy.10 11 Plant- based dietary 
patterns are commonly divided into two 
What this paper adds
 ► A quantitative survey of vegan and vegetarians that 
explores a measure of overall plant- based dietary 
quality and its association with depression.
 ► The results show that high quality plant- based diets 
are associated with lower risk of depression in veg-
ans and vegetarians.
 ► The association between plant- based dietary quality 
and depression to support mental well- being and 
mood in vegan and vegetarians should be investi-
gated further.
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main categories, vegan and vegetarian, with several 
subcategories low in animal food consumption.12 As 
such, a healthy plant- based dietary pattern is charac-
terised by high consumption of fresh fruit, vegetables, 
nuts, seeds, legumes, whole grains and water, but may 
omit lean meats and dairy.13 14 Conversely, unhealthy 
dietary patterns are characteristic of a large consump-
tion of ultraprocessed, refined and sugary foods, 
despite the inclusion or exclusion of animal- based 
products.15–18 In Australia, there has been a surge of 
people choosing to follow plant- based lifestyles with 
over 2.5 million Australians choosing to go meat- free. 
This equates to 12% of the total population, with the 
largest proportion of plant- based dieters being young 
adults between 18 and 45.19
Dietary intervention studies highlight healthy 
dietary patterns rich in fresh fruits, vegetables, nuts, 
seeds, whole grains and legumes as promising in 
reducing symptoms of depression.4 20 However, the 
evidence of the association between plant- based 
dietary patterns and depression is inconsistent and 
conflicting.21 Some studies suggest that plant- based 
diets (PBD) are associated with improved mood and 
mental health.22 Others suggest that PBDs are associ-
ated with a greater risk of depressive symptoms,23 24 
while others find no relationship.25–27 A meta- analysis 
of 13 studies by Iguacel et al28 found that vegans and 
vegetarians were at increased risk of depression 
(OR=2.14, 95% CI: 1.11 to 4.15). Another systematic 
review and meta- analysis of ten observational studies 
by Askari et al29 found no association between those 
who consumed a vegetarian diet and depression 
symptoms (pooled effect size: 1.02, 95% CI: 0.84 to 
1.25). While a narrative review of 19 studies by Jain 
et al.30 found conflicting information, some studies 
suggesting that those who adhered to vegan and 
vegetarian dietary patterns had higher depression 
rates, while others indicated they were associated 
with decreased depressive symptoms. Other primary 
research studies suggest that young adult vegetarians 
are at higher risk of depression31 and suicide32 than 
omnivores in the same age group. The reasons for 
these conflicting findings are not yet fully under-
stood but may be due to the lack of heterogeneity 
of the measurement of dietary patterns (self- report), 
and that quality rather than dietary patterns needs 
to be further explored in this population.33 Indeed 
a recent meta- analysis showed an increased risk of 
depression in vegetarians,34 however, the interpre-
tation of the findings is limited due to the lack of 
methodological clarity in vegetarian diets being of 
‘low’ or ‘no’ meat consumption. As such, diet quality 
measures in PBD is critical for exploring the asso-
ciation between diet and mental health. This study 
explores the association between vegan and vege-
tarian dietary patterns and depressive symptoms 
in adults by exploring the overall dietary quality 
of these patterns. The research hypothesises that a 




A cross- sectional online, anonymous survey was conducted 
between July 2020 and September 2020, using the 
Strengthening the Reporting of Observational Studies in 
Epidemiology checklist for cross- sectional studies.35
Procedure and participants
Vegan and vegetarian adults aged between 18 and 44 years 
and living in Australia were invited to complete an online 
survey through social media platforms Facebook, Twitter 
and LinkedIn. This age range was used as it is a high- 
risk population for depression2 and identified as more 
likely to follow a plant- based dietary pattern.19 Respon-
dents were excluded if they were outside this age range 
or did not self- report a predominantly PBD intake. Invi-
tations to participate were posted within PBD Facebook 
groups, and permission was sought from each group’s 
administrators prior to posting. Based on a priori sample 
size calculations, N=185 was identified using G*Power to 
detect a medium effect size with 85% power. A total of 
409 participants responded to the study. Of these, 190 
reported consuming some form of meat product and 
were excluded from the data analysis, leaving 219 partic-
ipants, resulting in a response rate of 53%. Of these, 165 
self- identified as vegan and 54 as vegetarian. There was 
no remuneration for participation. The research team 
piloted the survey prior to distribution.
MATERIALS
Participant characteristics
Demographic characteristics, including age (years), 
gender (female, male or non- binary), education levels 
(high school, university degree, trade certificate) 
and marital status (partnered or unpartnered), were 
collected. Participants also reported health- related char-
acteristics such as single- item measures to assess daily 
physical activity levels over the last month ranging from 0 
‘never exercise’ to 31 ‘everyday’,36 and health compared 
with peers ranging from 1 ‘very good’ to 5 ‘poor’.37 Self- 
reported height and weight were used to calculate body 
mass index (BMI).
Centre for Epidemiological Studies Depression
The 20- item Centre for epidemiological studies depres-
sion (CESD) was used to measure symptoms associated 
with depression during the past week.38 Response items 
are measured on a four- point Likert scale ranging from 0 
(none of the time) to 3 (most of the time). Scores range 
from 0 to 60, with high scores (16 or greater) suggesting 
greater symptoms of depression. The CESD- 20 measures 
symptoms of depression in the general population rather 
than a clinical diagnosis and is not recommended as a 
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diagnostic tool. The CESD- 20 has high internal consis-
tency, test- retest reliability and concurrent validity with 
other depression scales such as the Beck Depression 
scale.38 39 The CESD- 20 has been used in previous dietary 
patterns and depression research . The CESD- 20 has high 
internal consistency (α>0.8) across young adult popu-
lations40 41 and for those who adhere to a plant- based 
dietary pattern.42 43
Dietary Screening Tool
The Dietary Screening Tool (DST) is a 20- item ques-
tionnaire that asks participants to provide an estimate of 
intake frequency of specific food categories.44 Scoring was 
based on the frequency of each food group based on the 
2005 Dietary Guidelines for Americans,45 with changes 
made to the wording of items to reflect food choices more 
readily available in an Australian context.46 The DST has 
been used to explore the association between diet quality 
and mood disorders in an Australian population.4 47
Dietary indices calculate diet quality in populations by 
nominating scores for consumption of healthy food items 
to provide a total score, with higher scores indicating 
healthier diet quality.48 However, to date, self- reported 
dietary quality measures do not differentiate scores for 
those who do not eat food items such as meat, dairy and 
eggs, and as such, plant- based dietary patterns will have 
lower quality scores using these indices. Consequently, in 
this study, the DST was adapted to integrate an index of 
diet quality for PBD used in other studies.12
Consequently, food item scores were reweighted for 
PBD using the PBD12 so that positive scores were assigned 
to healthful plant foods, and negative scores were assigned 
to unhealthful plant foods. This adaptation involved 
reversing any questions in the DST that awarded high 
scores for meat or meat- based products such as eggs and 
dairy. DST scores range from 0 to 105, with higher scores 
suggesting greater diet quality. Assigning the maximum 
scores in this way for a vegan and vegetarian population 
allowed them to achieve a maximum possible score as 
intended by the original DST. Higher diet quality scores 
meant that participants were consuming more fresh 
fruits, vegetables, legumes, whole grains, nuts, seeds, tofu, 
soy products and less plant- based processed food items or 
take away options.
Data analysis strategy
Frequency descriptives were calculated for all variables, 
with analysis of variance and χ2 statistics used for contin-
uous and categorical variable comparisons, respectively. 
Correlations were conducted to establish the relation-
ship between depressive scores (CESD- 20) and all other 
variables (DST, BMI, age, gender, physical activity levels, 
marital status) and to assess multicollinearity across 
predictor variables. Pearson’s correlation analysis on 
continuous variables and Spearman’s correlation analysis 
on categorical variables determined that only the DST 
and BMI were significantly correlated with CESD- 20, and 
these were included in the final model. Before analysis 
was performed, the assumptions of multiple linear regres-
sion were checked (online supplemental material). 
There were no standardised residuals greater than three, 
indicating no outliers were influencing the data, and the 
assumptions of heteroscedasticity and normality of the 
residuals were met. There was no evidence of multicol-
linearity in the correlation matrix, and the variance infla-
tion factor and tolerance rates were within normal limits. 
Multiple linear regression was used to determine whether 
diet quality (DST) was a significant predictor of depres-
sive symptoms (CESD- 20). The DST was entered into the 
model first, followed by BMI.
RESULTS
The mean age of the 219 participants was 31.22 
(SD=7.40), with 93% of participants identifying as 
female. Table 1 outlines the demographic and health- 
related characteristics of the population split by diet 
type (vegan or vegetarian). In the overall sample, the 
majority of participants were partnered (68%), had a 
university degree (80%) and felt they had good health 
compared with their peers (76%). The mean DST 
score was 72.72 (SD=12.36), and the mean CESD- 20 
score was 19.22 (SD=13.23), which meets the cut- off 
criterion score of 16 for depressive symptoms.
Pearson’s correlations on continuous variables 
and Spearman’s correlations on categorical variables 
(table 2) show a significant relationship between diet 
quality scores, BMI and depressive symptoms, but no 
significant relationship for any other variables.
A multiple linear regression model was used to 
predict DST (continuous score) in CESD- 20 (contin-
uous score). Table 3 outlines the results of the 
multiple linear regression models. The model shows 
that at step one, diet quality significantly contributed 
to the regression model F(1, 215)=13.71, p<0.001 and 
accounted for 6% of the variation in depressive symp-
toms. At step two, adding BMI to the model added 
a further 3% variation in depressive symptoms. This 
change in R2 was also significant F(2, 215)=10.27, 
p<0.001. Together diet quality and BMI accounted 
for 9% of the variance in depressive symptoms. After 
adjusting for BMI in the final model, as diet quality 
increased, depressive symptoms decreased by β=−0.20.
A multiple linear regression model was used to 
predict DST in CESD- 20, splitting the overall popu-
lation by clinical cut- off score of 16+ for depressive 
symptoms in the CESD- 20. Table 4 outlines the results 
of the multiple linear regression models. The model 
shows that for those without depressive symptoms 
at step one, diet quality significantly contributed to 
the regression model F(1, 125)=6.49, p=0.012 and 
accounted for 5% of the variation in depressive symp-
toms. At step two, adding BMI to the model did not 
add a further variation in depressive symptoms F(2, 
125)=3.44, p=0.035. After adjusting for BMI in the final 
model, as diet quality increased, depressive symptoms 
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decreased by β=−0.22. This analysis indicates that 
higher PBD quality may be protective against depres-
sive symptoms.
In comparison, for those with depressive symptoms, 
the association with diet quality was not significant 
at step one F(1, 89)=0.01, p=0.963 or step two F(2, 
89)=2.40, p=0.097. BMI was a significant contrib-
utor in the model, suggesting that those plant- based 
followers above the clinical cut- off score for depres-
sive symptoms had higher BMI’s and this covarying 
factor could play a role in diet quality.
DISCUSSION
This cross- sectional survey of adult vegans and vegetar-
ians aged 18–44 years found that high PBD quality was 








Gender (n, %) χ2=1.33
  Female 51 (23.3) 152 (69.4) 203 (92.7)   
  Male 3 (1.4) 9 (4.1) 12 (5.5)   
  Transgender/non- binary 0 (0.0) 4 (1.9) 4 (1.9)   
Marital status (n, %) χ2=1.37
  Partnered 33 (15.1) 115 (52.5) 148 (67.6)   
  Unpartnered 21 (9.6) 50 (22.8) 71 (32.4)   
Highest educational level (n, %) χ2=3.10
  High school 4 (1.8) 28 (12.8) 32 (14.6)   
  University degree 46 (21.0) 128 (58.4) 174 (79.5)   
  Trade certificate 4 (1.8) 9 (4.1) 13 (5.9)   
Health compared with peers (n, %) F=7.90
  Very good 12 (5.5) 70 (32.0) 82 (37.4)   
  Good 25 (11.4) 60 (27.4) 85 (38.8)   
  Fair 7 (3.2) 18 (8.2) 25 (11.4)   
  Sometimes good sometimes poor 8 (3.7) 13 (5.9) 21 (9.6)   
  Poor 2 (0.9) 4 (1.8) 6 (2.7)   
Age (years; M, SD) 33.39 (7.53) 30.52 (7.25) 31.22 (7.40) F=6.28*
BMI (kg/m2; M, SD) 26.76 (8.78) 24.51 (5.18) 25.06 (6.30) F=5.20*
DST (M, SD) 72.72 (12.36) 77.69 (10.23) 76.47 (10.98) F=8.63**
Physical activity
(days per month; M, SD)
13.70 (8.90) 13.90 (9.94) 13.85 (9.67) F=0.02
CESD-20
(M, SD)
19.22 (13.23) 15.31 (11.09) 16.27 (11.74) F=4.59*
*P<0.05, **p<0.01.
BMI, body mass index; CESD, Centre for Epidemiological Science Depression Scale; DST, dietary screening tool; M, Mean.
Table 2 Correlation matrix
CESD- 20 DST BMI Age Gender Physical activity Marital status
DST −0.25**             
BMI 0.22* −0.25**           
Age −0.13 0.07* 0.25**         
Gender 0.15 −0.11 0.09 0.11       
Physical activity −0.14 0.29** −0.15 −0.07 −0.08     
Marital status 0.07 −0.04 −0.01 −0.12 −0.02 0.03   
Education level 0.02 0.12 0.05 0.15* 0.01 −0.07 0.02
*P<0.05, **p<0.01.
BMI, body mass index; CESD- 20, Centre for Epidemiological Studies Depression; DST, Dietary Screening Tool.
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associated with decreased risk of depressive symptoms. 
This study is the first to highlight an association between 
a self- report plant- based dietary quality measure and 
depression in Australian adult vegans and vegetarians.
As such, our findings are in line with broad data 
regarding the protective role of diet in mental health 
and brain function across young and older adulthood. 
Research indicates that plant foods are high in complex 
carbohydrates,49 fibre, probiotics50 and antioxidants such 
as polyphenols,51 which have been found to decrease 
symptoms of depression.52–54 However, despite the intake 
of a PBD in this study of Australian vegans and vegetar-
ians, the overall mean depression score was above the 
clinical cut- off for depressive symptoms and, as such, indi-
cates an overall sample experiencing depression.39 Given 
that the targeted age range is also considered to be at 
high risk of depression in Australia,2 the current finding 
may reflect a broad population trend.
An association between vegan and vegetarian diets 
and depression has been largely disparate. Systematic 
review findings have shown no association between 
vegan and vegetarian diets and mental health outcomes, 
including depression and anxiety.28–30 Other empirical 
and systematic reviews have shown associations between 
vegetarian diets and depression in adults across the 
lifespan.22 34 While other meta- analyses suggest that 
following a vegetarian diet is associated with a decreased 
risk of depression.34 As such, in line with our findings that 
show an association between diet quality and non- clinical 
depressive symptoms. However, no association between 
diet quality and depression for those meeting the crite-
rion for depressive symptoms. Overall dietary quality 
could be important for reducing risk. This is especially 
important considering vegan and vegetarian diets are 
typically high in plant foods with a range of health bene-
fits for improved mood and mental health.49–55 However, 
nutritional deficiencies are also common in these diets, 
such as lower intake of vitamins B2, B3, B5 and B12, zinc, 
iodine and long- chain fatty acids that could negatively 
impact mental health and brain function.56 57
There is a diverse body of research investigating the 
biological mechanism of effect that links dietary intake 
and mental health. While not yet fully characterised, 
there are a range of nutrients and foods within vegan 
and vegetarian diets that positively affect the pathophys-
iology of mood, including decreased chronic inflamma-
tion and oxidative stress,58–60 and improvements in the 
gut microbiome brain axis.61–63 For example, sources of 
fibre through greens, nuts, seeds, legumes and grains, 
which are prevalent features of vegan and vegetarian 
diets, are important for managing inflammation, glucose 
regulation, and promotion of gut microbiota changes.64 65 
Conversely, consumption of nutrients such as amino acids 
tryptophan and tyrosine, and omega- 3 polyunsaturated 
fatty acids (PUFA’s) which have protective effects for 
neurotransmitter regulation of serotonin and dopamine 
essential for mood, is highest in fish- eating vegetarians 
but is limited in vegan diets.66 67
The current study shows that following a PBD does 
not necessarily mean the individual consumes a ‘healthy’ 
Table 3 Coefficients of the model predicting DST in 
CESD- 20
Variable β t sr2 R R2 Adj.R2
Step 1
  DST −0.25 −3.70** −0.25 0.25 0.06 0.06
Step 2
  DST −0.20 −3.00* −0.20 0.30 0.09 0.08
  BMI 0.17 2.54* 0.17
*P<0.05, **p<0.01.
BMI, body mass index; CESD- 20, Centre for Epidemiological 
Studies Depression; DST, Dietary Screening Tool.
Table 4 Coefficients of the model predicting DST, split by clinical cut- off of CESD- 20
Variable β t sr2 R R2 Adj.R2
No depressive symptoms             
Step 1
  DST −0.22 −2.55* −0.22 0.22 0.05 0.04
Step 2
  DST −0.22 −2.48* −0.22 0.23 0.05 0.04
  BMI 0.06 0.66 0.06
Depressive symptoms             
Step 1
  DST 0.01 0.05 0.01 0.01 0.00 −0.01
Step 2
  DST 0.07 0.78 0.08 0.23 0.05 0.03
  BMI 0.29 2.19* 0.23
*P<0.05,.
BMI, body mass index; CESD- 20, Centre for Epidemiological Studies Depression 20 Items; DST, Dietary Screening Tool.
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dietary pattern. This finding is an important extension of 
the literature that has predominately compared diet type 
instead of dietary quality. As with other dietary patterns 
such as low- quality meat- based diets, low- quality Mediter-
ranean dietary patterns and low- quality Ketogenic dietary 
patterns, this study highlights that there are also low- 
quality PBD. Low- quality PBDs include plant- based prod-
ucts that are high in ultra- processed ingredients, refined 
vegetable oils, fried food, salt, refined grains, alcohol, 
sugary snacks and drinks.29 68 The consumer distinc-
tion between low and high- quality plant- based foods is 
important given that based on 2020 data, the expanding 
value of packaged vegan food in Australia is projected to 
reach approximately $A215 million.69 Consequently, indi-
viduals may inadvertently be consuming a diet high in 
processed plant foods consistent with a low diet quality, 
which is broadly a known risk factor for increased depres-
sion.18 70 71
Strengths and limitations
This is the first known study to test the association between 
a PBD quality measure and depressive mood within adults 
aged 18–44. The adaptation of the DST might encourage 
researchers to conduct further studies on plant- based 
dietary quality in populations at risk of depression and 
promote its further use in empirical and intervention 
studies.
Some limitations are worthy of noting. First, the 
study had a cross- sectional design, and therefore 
causation cannot be implied. The sample data were also 
collected during the COVID- 19 pandemic, where health 
behaviours such as increased social concern, limited exer-
cise, increased intake of processed foods and increased 
alcohol consumption are likely to have negatively influ-
enced mood.72 Consequently, the current study offers 
an interesting insight into a time period and age group 
that is highly ecologically reflective of the times. The data 
were collected via self- report questionnaires, and there-
fore potential social desirability or recall bias might exist 
that relates to adherence to the diet. One aspect of cross- 
sectional studies is that they cannot determine if a plant- 
based vegan/vegetarian diet influences mental health 
outcomes or if, perhaps, choice and motivation to adhere 
to a dietary type reflect mental health status. For example, 
Michalak et al27 showed that adoption of a vegetarian diet 
followed the onset of mental disorders, and by examining 
the motives for dietary adherence, the authors hypoth-
esised that a mental disorder increases the likelihood 
of choosing a vegetarian diet to positively influence the 
course of the condition.26 Similarly, food choice motives 
and eating behaviours of those who follow PBD may 
also influence mental health. For example, vegans and 
vegetarians are likely to have concerns regarding animal 
welfare, environmental sustainability, climate change and 
carbon footprints,73 74 which carries a burden of aware-
ness that contributes to depressive symptoms.
Finally, in this sample, 93% of the respondents were 
female; therefore, it may limit the generalisability of 
interpretation. However, this is unlikely as research shows 
that vegetarianism and veganism are more popular with 
women than men in Western countries75 and females play 
a predominant role in guiding eating behaviours and 
food choices, motivated by weight control and ‘healthy 
eating’ than men.76
The research field would benefit from longitudinal 
studies exploring the length of time on a particular diet 
and adherence level to determine whether the time and 
level of adherence impact the quality of association with 
depression. Well powered intervention studies with broad 
community samples are needed to determine associations 
between vegan/vegetarian dietary quality and depression. 
Further research into attitudes and motivations to adhere 
to a PBD can also support informed practices for health-
care professionals and the community at large to consider 
when following a plant- based dietary type.
In conclusion, the specific quality of vegan and vege-
tarian diets has not been explicitly explored in studies 
of diet and depression. As such, there is limited research 
available on the association between vegan and vegetarian 
diets and depression, and the small amount of avail-
able data is inconsistent and conflicting,21 22 25–27 34 77 78 
with divergent measures of vegan and vegetarian diets 
including scoring for meat and dairy- based food prod-
ucts.25–27 This study adapted the DST using a validated 
PBD index for a vegan and vegetarian population. From 
this adaptation, our findings align with the direction of 
evidence for an association between high quality vegan 
and vegetarian diets and decreased depressive symptoms.
Twitter Megan Frances Lee @MeganLeePhD and Talitha Best @besttalitha, nh_lab
Contributors All authors contributed to the study conception, design and data 
collection. Data analyses were performed by MFL and TB. The first draft of the 
manuscript was written by MFL and TB and all authors reviewed and refined drafts 
of the manuscript. All authors read and approved the final manuscript. TB is the 
guarantor.
Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.
Competing interests None declared.
Patient consent for publication Not applicable.
Ethics approval The study was approved by the Central Queensland University 
(CQU) Human Research Ethics Committee (2020–060).
Provenance and peer review Not commissioned; externally peer reviewed by Dr 
Scott Teasdale, UNSW Sydney & Mindgardens Neuroscience Network
Data availability statement Data are available in Mendeley public open access 
repository.
Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.
Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
 on O












: first published as 10.1136/bm





7Lee MF, et al. bmjnph 2021;0:e000332. doi:10.1136/bmjnph-2021-000332
BMJ Nutrition, Prevention & Health 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.
ORCID iDs
Megan Frances Lee http:// orcid. org/ 0000- 0001- 7531- 5312
Talitha Best http:// orcid. org/ 0000- 0001- 8849- 1411
REFERENCES
 1 World Health Organization. Depression and other common mental 
disorders: global health estimates, 2017.
 2 Australian Bureau of Statistics. National health survey: first results, 
2017- 18 Canberra, act: Commonwealth of Australia, 2019. Available: 
https://www. abs. gov. au/ AUSSTATS/ abs@. nsf/ Lookup/ 4364. 0. 55. 
001Main+ Features702017- 18
 3 Al- Harbi KS. Treatment- resistant depression: therapeutic trends, 
challenges, and future directions. Patient Prefer Adherence 
2012;6:369–88.
 4 Jacka FN, O’Neil A, Opie R, et al. A randomised controlled trial of 
dietary improvement for adults with major depression (the ‘SMILES’ 
trial). BMC Med 2017;15:1–13.
 5 Bremner J, Moazzami K, Wittbrodt M, et al. Diet, stress and mental 
health. Nutrients 2020;12:2428–55.
 6 Ärnlöv J, Collaborators Global Burden of Disease. Global burden 
of 87 risk factors in 204 countries and territories, 1990 to 2019; a 
systematic analysis for the global burden of disease study 2019. The 
Lancet 2020;396:1223–49.
 7 Collins CE, Boggess MM, Watson JF, et al. Reproducibility and 
comparative validity of a food frequency questionnaire for Australian 
adults. Clin Nutr 2014;33:906–14.
 8 Elmadfa I, Meyer AL. Diet quality, a term subject to change over time. 
Int J Vitam Nutr Res 2012;82:144–7.
 9 Cespedes EM, Hu FB. Dietary patterns: from nutritional 
epidemiologic analysis to national guidelines. Am J Clin Nutr 
2015;101:899–900.
 10 Marx W, Hoare E, Jacka F. Diet and depression: from epidemiology 
to novel therapeutics. In: Quevedo J, Carvalho AF, Zarate CA, eds. 
Neurobiology of depression: academic press, 2019: 285–92.
 11 Jacka FN. Brain changer: the latest cutting- edge science on how 
diet can affect your risk of anxiety and depression, and influence the 
health of your brain. NSW, Australia: Pan Macmillan, 2019.
 12 Satija A, Bhupathiraju SN, Spiegelman D, et al. Healthful and 
Unhealthful Plant- Based Diets and the Risk of Coronary Heart 
Disease in U.S. Adults. J Am Coll Cardiol 2017;70:411–22.
 13 Brown C, Matthew J, Wolf I. What does "plant- based" actually 
mean? Vegetarian J 2018;37:24.
 14 Rajaram S, Jones J, Lee GJ. Plant foods, and age- related cognitive 
decline. Adv Nutr 2019;10:422–36.
 15 Firth J, Gangwisch JE, Borisini A, et al. Food and mood: how do diet 
and nutrition affect mental wellbeing? BMJ 2020;369:m2382.
 16 Quehl R, Haines J, Lewis SP, et al. Food and mood: diet quality is 
inversely associated with depressive symptoms in female university 
students. Can J Diet Pract Res 2017;78:124–8.
 17 Roca M, Kohls E, Gili M, Watkins E, et al. Prevention of depression 
through nutritional strategies in high- risk persons: rationale 
and design of the MooDFOOD prevention trial. BMC Psychiatry 
2016;16:1–12.
 18 Khosravi M, Sotoudeh G, Majdzadeh R, et al. Healthy and unhealthy 
dietary patterns are related to depression: a case- control study. 
Psychiatry Investig 2015;12:434–42.
 19 Morgan R. The slow but steady rise of vegetarianism in Australia, 
2018. Available: http://www. roymorgan. com/ findings/ vegetarianisms- 
slow- but- steady- rise- in- australia- 201608151105
 20 Firth J, Marx W, Dash S, et al. The effects of dietary improvement on 
symptoms of depression and anxiety: a meta- analysis of randomized 
controlled trials. Psychosom Med 2019;81:265–80.
 21 Lavallee K, Zhang XC, Michalak J, et al. Vegetarian diet and mental 
health: cross- sectional and longitudinal analyses in culturally diverse 
samples. J Affect Disord 2019;248:147–54.
 22 Beezhold BL, Johnston CS. Restriction of meat, fish, and poultry in 
omnivores improves mood: a pilot randomized controlled trial. Nutr J 
2012;11:9.
 23 Hibbeln JR, Northstone K, Evans J, et al. Vegetarian diets and 
depressive symptoms among men. J Affect Disord 2018;225:13–17.
 24 Li X- de, Cao H- J, Xie S- Y, Li X- d CH- j, S- y X, et al. Adhering to a 
vegetarian diet may create a greater risk of depressive symptoms in 
the elderly male Chinese population. J Affect Disord 2019;243:182–7.
 25 Beezhold B, Radnitz C, Rinne A, et al. Vegans report less stress and 
anxiety than omnivores. Nutr Neurosci 2015;18:289–96.
 26 Paslakis G, Richardson C, Nöhre M, et al. Prevalence and 
psychopathology of vegetarians and vegans - Results from a 
representative survey in Germany. Sci Rep 2020;10:6840.
 27 Michalak J, Zhang XC, Jacobi F. Vegetarian diet and mental 
disorders: results from a representative community survey. Int J 
Behav Nutr Phys Act 2012;9:67.
 28 Iguacel I, Huybrechts I, Moreno LA, et al. Vegetarianism and 
veganism compared with mental health and cognitive outcomes: a 
systematic review and meta- analysis. Nutr Rev 2021;79:361–81.
 29 Askari M, Daneshzad E, Darooghegi Mofrad M, et al. Vegetarian 
diet and the risk of depression, anxiety, and stress symptoms: a 
systematic review and meta- analysis of observational studies. Crit 
Rev Food Sci Nutr 2020:1–11.
 30 Jain R, Degremont A, Philippou E, et al. Association between 
vegetarian and vegan diets and depression: a systematic review. 
Proc Nutr Soc 2020;79.
 31 Larsson CL, Klock KS, Nordrehaug Astrøm A, et al. Lifestyle- related 
characteristics of young low- meat consumers and omnivores in 
Sweden and Norway. J Adolesc Health 2002;31:190–8.
 32 Perry CL, Mcguire MT, Neumark- Sztainer D, et al. Characteristics of 
vegetarian adolescents in a multiethnic urban population. J Adolesc 
Health 2001;29:406–16.
 33 Ljungberg T, Bondza E, Lethin C. Evidence of the importance of 
dietary habits regarding depressive symptoms and depression. Int J 
Environ Res Public Health 2020;17:1616.
 34 Ocklenburg S, Borawski J. Vegetarian diet and depression scores: a 
meta- analysis. J Affect Disord 2021;294:813–5.
 35 von Elm E, Altman DG, Egger M, et al. The strengthening the 
reporting of observational studies in epidemiology (STROBE) 
statement: guidelines for reporting observational studies. J Clin 
Epidemiol 2008;61:344–9.
 36 Milton K, Bull FC, Bauman A. Reliability and validity testing 
of a single- item physical activity measure. Br J Sports Med 
2011;45:203–8.
 37 DeSalvo KB, Fisher WP, Tran K, et al. Assessing measurement 
properties of two single- item general health measures. Qual Life Res 
2006;15:191–201.
 38 Radloff LS. The CES- D scale: a self- report depression scale for 
research in the general population. In: Applied psychological 
measurement. , 1977: 1, 385–401.
 39 Cosco TD, Prina M, Stubbs B, et al. Reliability and validity 
of the center for epidemiologic studies depression scale in a 
population- based cohort of middle- aged U.S. adults. J Nurs Meas 
2017;25:476–85.
 40 Phillips G, Shadish W, Murray D, et al. The center for epidemiologic 
studies depression scale with a young adolescent population: 
a confirmatory factor analysis. Multivariate Behav Res 
2006;41:147–63.
 41 Kokou- Kpolou CK, Iorfa SK, Park S, et al. The center for 
epidemiologic studies depression Scale–Revised (CESD- 20- R): 
factorial validity and gender invariance among Nigerian young adults. 
Curr Psychol 2021;11.
 42 Matta J, Czernichow S, Kesse- Guyot E, et al. Depressive symptoms 
and vegetarian diets: results from the Constances cohort. Nutrients 
2018;10:1695.
 43 Forestell CA, Nezlek JB. Vegetarianism, depression, and the five 
factor model of personality. Ecol Food Nutr 2018;57:246–59.
 44 Bailey RL, Miller PE, Mitchell DC, et al. Dietary screening 
tool identifies nutritional risk in older adults. Am J Clin Nutr 
2009;90:177–83.
 45 US Department of Agriculture. Dietary guidelines for Americans, 
2005.
 46 O'Neil A, Quirk SE, Housden S, et al. Relationship between diet and 
mental health in children and adolescents: a systematic review. Am J 
Public Health 2014;104:31–42.
 47 Young LM, Gauci S, Scholey A, et al. Self- reported diet quality 
differentiates nutrient intake, blood nutrient status, mood, and 
cognition: implications for identifying nutritional neurocognitive risk 
factors in middle age. Nutrients 2020;12:2964–76.
 48 Dickie S, Woods JL, Baker P, et al. Evaluating nutrient- based indices 
against food- and diet- based indices to assess the health potential 
of foods: how does the Australian health Star rating system perform 
after five years? Nutrients 2020;12:1463–79.
 49 Sanchez- Villegas A, Zazpe I, Santiago S, et al. Added sugars and 
sugar- sweetened beverage consumption, dietary carbohydrate index 
and depression risk in the Seguimiento Universidad de Navarra (sun) 
project. Br J Nutr 2018;119:211–21.
 50 Liu RT, Walsh RFL, Sheehan AE. Prebiotics and probiotics for 
depression and anxiety: a systematic review and meta- analysis of 
controlled clinical trials. Neurosci Biobehav Rev 2019;102:13–23.
 on O












: first published as 10.1136/bm





8 Lee MF, et al. bmjnph 2021;0:e000332. doi:10.1136/bmjnph-2021-000332
 BMJ Nutrition, Prevention & Health
 51 Bayes J, Schloss J, Sibbritt D. Effects of polyphenols in a 
Mediterranean diet on symptoms of depression: a systematic 
literature review. Adv Nutr 2020;11:602–15.
 52 Hoare E, Hockey M, Ruusunen A, et al. Does fruit and vegetable 
consumption during adolescence predict adult depression? A 
longitudinal study of US adolescents. Front Psychiatry 2018;9:581.
 53 Brookie KL, Best GI, Conner TS. Intake of raw fruits and vegetables 
is associated with better mental health than intake of processed 
fruits and vegetables. Front Psychol 2018;9:1–14.
 54 LaChance LR, Ramsey D. Antidepressant foods: an evidence- 
based nutrient profiling system for depression. World J Psychiatry 
2018;8:97–104.
 55 Liu Y- S, Wu Q- J, Xia Y, et al. Carbohydrate intake and risk 
of metabolic syndrome: a dose- response meta- analysis of 
observational studies. Nutr Metab Cardiovasc Dis 2019;29:1288–98.
 56 Bakaloudi DR, Halloran A, Rippin HL, et al. Intake and adequacy 
of the vegan diet. A systematic review of the evidence. Clin Nutr 
2021;40:3503–21.
 57 Medawar E, Huhn S, Villringer A, et al. The effects of plant- based 
diets on the body and the brain: a systematic review. Transl 
Psychiatry 2019;9:226.
 58 Adjibade M, Andreeva VA, Lemogne C, et al. The inflammatory 
potential of the diet is associated with depressive symptoms 
in different subgroups of the general population. J Nutr 
2017;147:879–87.
 59 Berk M, Williams LJ, Jacka FN, et al. So depression is an 
inflammatory disease, but where does the inflammation come from? 
BMC Med 2013;11.
 60 Gałecki P, Talarowska M. Inflammatory theory of depression. 
Psychiatr Pol 2018;52:437–47.
 61 Kaplan BJ, Rucklidge JJ, Romijn A. The emerging field of nutritional 
mental health: inflammation, the microbiome, oxidative stress, 
and mitochondrial function. Clinical Psychological Science 
2015;3:964–80.
 62 Winter G, Hart RA, Charlesworth RPG, et al. Gut microbiome and 
depression: what we know and what we need to know. Rev Neurosci 
2018;29:629–43.
 63 Cruz- Pereira JS, Rea K, Nolan YM, et al. Depression's Unholy Trinity: 
dysregulated stress, immunity, and the microbiome. Annu Rev 
Psychol 2020;71:49–78.
 64 Taylor AM, Thompson SV, Edwards CG, et al. Associations among 
diet, the gastrointestinal microbiota, and negative emotional states in 
adults. Nutr Neurosci 2020;23:983–92.
 65 Taylor AM, Holscher HD. A review of dietary and microbial 
connections to depression, anxiety, and stress. Nutr Neurosci 
2020;23:237–50.
 66 Guu T- W, Mischoulon D, Sarris J, et al. International Society for 
nutritional psychiatry research practice guidelines for omega- 3 fatty 
acids in the treatment of major depressive disorder. Psychother 
Psychosom 2019;88:263–73.
 67 Marx W, Lane M, Hockey M, et al. Diet and depression: 
exploring the biological mechanisms of action. Mol Psychiatry 
2021;26:134–50.
 68 Olfert MD, Wattick RA. Vegetarian diets and the risk of diabetes. Curr 
Diab Rep 2018;18:101.
 69 Hinton T. Value of packaged vegan food Australia 2016- 2020, 2021.
 70 Majid K, Farideh D, Sasan A. Associations between Western and 
Mediterranean- type dietary patterns and depression in adults in 
Shiraz. Int J Epidemiol Res 2016;3:128–37.
 71 Marx W, Moseley G, Berk M, et al. Nutritional psychiatry: the present 
state of the evidence. Proc Nutr Soc 2017;76:427–36.
 72 Stanton R, To QG, Khalesi S, et al. Depression, anxiety and stress 
during COVID- 19: associations with changes in physical activity, 
sleep, tobacco and alcohol use in Australian adults. Int J Environ Res 
Public Health 2020;17:4065–78.
 73 Hopwood CJ, Bleidorn W, Schwaba T, et al. Health, environmental, 
and animal rights motives for vegetarian eating. PLoS One 
2020;15:0230609.
 74 Braunsberger K, Flamm RO. The case of the ethical vegan: 
motivations matter when researching dietary and lifestyle choices. J 
Manag Issues 2019;31:228.
 75 Modlinska K, Adamczyk D, Maison D, et al. Gender differences in 
attitudes to vegans/vegetarians and their food preferences, and their 
implications for promoting sustainable dietary patterns: a systematic 
review. Sustainability 2020;12:6292–17.
 76 Wardle J, Haase AM, Steptoe A, et al. Gender differences in food 
choice: the contribution of health beliefs and dieting. Ann Behav Med 
2004;27:107–16.
 77 Beezhold BL, Johnston CS, Daigle DR. Vegetarian diets are 
associated with healthy mood states: a cross- sectional study in 
seventh day adventist adults. Nutr J 2010;9:26–33.
 78 Baines S, Powers J, Brown WJ. How does the health and well- 
being of young Australian vegetarian and semi- vegetarian 
women compare with non- vegetarians? Public Health Nutr 
2007;10:436–42.
 on O












: first published as 10.1136/bm





BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) bmjnph
 doi: 10.1136/bmjnph-2021-000332:e000332.0 2021;bmjnph, et al. Lee MF
